Introduction

71
Due to the low amount of precipitation and high potential evapotranspiration in desert 72 ecosystems, low soil water availability limits both plant water-and gas-exchange and, as a 73 consequence, limits vegetation productivity (Razzaghi et al., 2011) . Shrub and semi-shrub 74 species are replacing grass species in arid and semi-arid lands in response to ongoing 75 aridification of the land surface (Huang et al., 2011a) . This progression is predicted to 76 continue under a changing climate (Houghton et al., 1999; Pacala et al., 2001; Asner et al., 77 2003) . Studies have shown that desert shrubs are able to adapt to hot-dry environments as a 78 result of their small plant-surface area, thick epidermal hairs, and large root-to-shoot ratios 79 (Eberbach and Burrows, 2006; Forner et al., 2014) . Plant traits related to water use are likely 80 to adapt differentially with species and habitat type (Brouillette et al., 2014) . Plants may 81 select water-acquisition or water-conservation strategies in response to water limitations 82 (Brouillette et al., 2014) . Knowledge of physiological acclimation of changing species to 83 water shortages in deserts, particularly with respect to transpiration, is inadequate and, in the soil-plant-atmosphere continuum and its magnitude and timing is related to the prevailing 87 biophysical factors (Jarvis 1976; Jarvis and McNaughton, 1986) .
88
Sap flow can be used to reflect species-specific water consumption by plants (Ewers et 89 al., 2002; Baldocchi, 2005; Naithani et al., 2012) . Sap flow can also be used to continuously (Jarvis 1976; Jarvis and McNaughton, 1986) . Stomatal conductance 97 couples photosynthesis and transpiration (Cowan and Farquhar, 1977) , making this 98 parameter an important component of climate models in quantifying biospheric-atmospheric 99 interactions (Baldocchi et al., 2002) .
100
Studies have shown that xylem hydraulic conductivity was closely correlated with 101 drought resistance (Cochard et al., 2008 (Cochard et al., , 2010 Ennajeh et al., 2008) . With increasing aridity, 102 trees can progressively lessen their stomatal conductance, resulting in lower transpiration 103 (McAdam et al., 2016) . Generally, desert shrubs can close their stomata, reducing stomatal 104 conductance, and reduce their water consumption when exposed to dehydration stresses.
105
However, differences exist among shrub species in terms of their stomatal response to 106 changes in air and soil moisture deficits (Pacala et al., 2001 ).
5
In Elaeagnus angustifolia, transpiration is observed to peak at noon, i.e., just before 108 stomatal closure under water-deficit conditions (Liu et al., 2011) , peaking earlier than 109 radiation, temperature, and water vapor pressure deficit. This response lag or hysteresis effect 110 have been widely noticed in dryland species (Du et al., 2011; Naithani et al., 2012) depth were measured using three ECH2O-5TE soil moisture probes (Decagon Devices, USA).
164
In the analysis, we used half-hourly averages of VWC from the three soil moisture probes.
165
Water vapor pressure deficit (VPD in kPa) was calculated from recorded RH and T. and Unsworth, 1990), 
Data analysis
205
In our analysis, drought days were defined as those days with daily mean VWC < 0.1 m 3 m 3 .
206
This is based on a VWC threshold of 0.1 m 3 m -3 for Js ( increased, saturating at VWC of 0.1 m 3 m -3 , and decreasing as VWC continued to increase.
208
The VWC threshold of 0.1 m 3 m -3 is equivalent to a relative extractable soil water (REW) of 209 0.4 for drought conditions (Granier et al., 1999 and 2007; Zeppel et al., 2004 and Fig. 210 2d, e). Duration and severity of 'drought' were defined based on a VWC threshold and REW
211
of 0.4. REW was calculated with
8 where VWC is the specific daily soil water content (m 3 m -3 ), VWCmin and VWCmax are the 214 minimum and maximum VWC during the measurement period in each year, respectively.
215
Sap-flow analysis was conducted using mean data from five sensors. Sap flow per leaf 216 area (Js) was calculated according to
218
where Js is the sap flow per leaf area (kg m -2 h -1 or kg m -2 d -1 ), E is the measured sap flow of 219 a stem (g h -1 ), Al is the leaf area of the sap-flow stem, and "n" is the number of stems sampled 220 (n = 5).
221
Transpiration per ground area (Tr) was estimated in this study according to: Diurnal patterns of Js were similar in both years (Fig. 6 ), initiating at 7:00 h and increasing 278 thereafter, peaking before noon (12:00 h), and subsequently decreasing thereafter and 279 remaining near zero from 20:00 to 6:00 h. Diurnal changes in gs were similar to Js, but 280 peaking about 2 and 1 h earlier than Js in July and August, respectively (Fig. 6 ).
281
There were pronounced time lags between Js and Rs over the two years (Fig. 7) were generally shorter than those observed in 2013 (Table 2) .
286
Clockwise hysteresis loops between Js and Rs during the growing period were observed 287 (Fig. 7) . As Rs increased in the morning, Js increased until it peaked at ~10:00 h. Sap flow 288 declined with decreasing Rs during the afternoon. Sap flow (Js) was higher in the morning 289 than in the afternoon.
290
Diurnal time lag in the relation of Js-Rs were influenced by VWC (Fig. 8, 9 ). For 291 example, Js peaked about 2 h earlier than Rs on days with low VWC (Fig. 8a) , 1 h earlier than
292
Rs on days with moderate VWC (Fig. 8b) , and at the same time as Rs on days with high VWC
293
( Fig. 8c) . Lag hours between Js and Rs over the growing season were negatively and linearly sensitive to variations in Rs, VPD, and T during the drier and hotter part of the day (Fig. 5 ).
307
The lower sensitivity combined with lower stomatal conductances led to lower sap flow,
308
and, thus, lower transpiration (water consumption) during hot mid-day summer hours,
309
pointing to a water-conservation strategy in plant acclimation during dry and hot conditions.
310
When Rs peaked during mid-day (13:00-14:00 h) in summer, there was often insufficient 311 soil water to meet the atmospheric demand, causing gs to be limited by available soil 312 moisture and making Js more responsive to VWC at noon, but less responsive to Rs and T. 
348
The hysteresis effect reflects plant acclimation to water limitations, due to stomatal large gs in the morning promoted higher rates of transpiration (Fig. 6, 7) , while lower gs in 351 the afternoon reduced transpiration. Therefore, diurnal curves (hysteresis) were mainly 352 caused by a gs-induced hydraulic process (Fig. 7) . The finding that hysteresis varied increasing VWC (Fig. 10a) by invoking a water-conservation strategy through hysteresis effect and stomatal regulation.
383
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